TITLE OF THE INVENTION 



Device and Method for Measuring Mechanical Path Lengths by Means of 
Pneumatic Pressure, in particular for Sliding Carbon Contacts 



FIELD OF THE INVENTION 



The present invention relates to a device and a method for non-contacting 
10 measurement of mechanical path lengths by pneumatic means, in particular for 
determining the wear of electrical sliding-contact and slip-ring brushes. 



DESCRIPTION OF THE PRIOR ART 

15 

Sliding contacts and in particular mechanical slip-rings in which use is made of 
carbon brushes or brushes of other materials frequently give rise to the problem of 
detecting progressive wear of the brushes. Worn brushes may lead to 
interruptions of contact or even to a destruction of sliding contact tracks. For 

20 example, if the brushes of slip-rings are worn down to the extent that reliable 
contact can no longer be ensured, sparking may occur which in turn leads to an 
increased wear of brushes and sliding contact tracks. Thus, an only brief 
operation with worn brushes may lead to greater wear of a slide track than occurs 
during the remaining operating life of the brush. This case may be less critical for 

25 commutators of electric motors, where sparks continuously occur and the motor 
will come to a standstill when contact resistance becomes too large. 

When sensors are used for detecting contact wear, one of the needs arising is 
that of good insulation between sensor and brush, because the brush is usually at 
30 a high electrical potential. The insulation must be able to satisfy the relevant 
safety requirements even following a long period of operation attended by 
intensive contamination caused by abraded brush material which forms an at least 



2 



weakly conducting deposit. In addition to known mechanical switches or contacts 
for detecting brush lengths, optical methods are known. These have the 
advantage of providing good insulation, but also the disadvantage of having high 
complexity, thus being costly. 

5 

Mechanical switches for detecting the position of the end of a brush are known 
from DE 199 32 024 A1 and DE 196 49 212 A1. US Patent 4, 918, 348 describes 
a contact arrangement in which a contact member is designed as a contacting 
pressure spring. These devices have the advantage of being of relatively low cost 

10 and easy to fabricate. However, they are not particularly robust, because 
requirements of size permit the use of only relatively small and therefore filigrane 
contact members. These contacts are liable to be mechanically damaged, 
particularly during a replacement of carbon brushes, then they will no longer 
indicate the presence of a worn brush. Furthermore, these contacts may be 

15 contaminated by carbon dust or other abraded material with the result of their 
electrical and mechanical operation being impaired. 

Further known solutions of the problem concern relatively complicated mechanical 
devices for actuating a switch contact in the event of extensive contact wear. 

20 Devices of this kind are described in DE 82 11 804, DE 198.32 617 A1, and DE 
89 13 117. These devices have the advantage over the previously mentioned 
devices in being mechanically substantially more robust and thus not becoming 
easily damaged, in particular during an exchange of brushes. Furthermore, the 
electrical contact system is separate from the mechanical actuation mechanism. 

25 This substantially reduces the danger of operation becoming impeded by abraded 
particles. However, because of their high complexity these solutions involve 
considerable outlay and structural size. Therefore they are preferably suitable for 
large electrical machinery, but not for modern slip-ring systems which usually 
must be incorporated into an extremely limited assembly space. 

30 

An improvement over the above-mentioned devices is offered by electrical 
systems such as described in DE 84 33 023, US Patent 5,509,625, and US Patent 
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5,870,026. In these, an insulated conductor is accommodated in a brush. With 
progressive wear on the brush, the insulation of the conductor is worn away and 
the conductor contacts the slide track. The electrical contact thus established 
between the conductor and the slide track may be used for indicating a particular 
5 condition of wear. These systems are characterized by being of extremely simple 
mechanical design, however, they do not permit of any isolation of electrical 
potentials. 

A further improvement is represented by non-contacting optical systems, as 
10 described in US Patent 4,761,594. With these, a particular position of the brush 
back surface can be detected, and optical scanning makes it possible to maintain 
a separation of electrical potentials. 

All of the mentioned systems have the disadvantage of involving much outlay and 
15 therefore being expensive to fabricate. Furthermore, they involve the use of a 
number of complicated electrical and optical components which are prone to 
failure. 



20 BRIEF SUMMARY OF THE INVENTION 

It is an object of the invention to provide a device and a method for performing a 
non-contacting measurement of a non-abraded length of sliding contact brushes 
with simple means whilst maintaining a high electrical insulation. 

25 

It is a further object of the invention to provide a device and a method for 
performing a non-contacting determination of the condition of wear of sliding 
contact brushes used with sliding contact tracks, the device being robust and of 
simple construction, and capable of being fabricated with only small outlay. 

30 
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According to a first aspect of the invention the object is achieved by a device for 
non-contacting measurement of a length of an object to be measured, in particular 
a non-abraded length of a sliding contact brush, comprising: 

a pump for producing a variable pneumatic pressure, preferably an 
5 oscillating pressure; 

a pressurized air line connecting the pump to a nozzle provided in the 
vicinity of the object to be measured, so that pressurized air from a the 
pump flows through the pressurized air line and the nozzle onto the object 
to be measured; 

10 - at least one pressure sensor or flow sensor for determining changes of 
pressure or flow in the pressurized air line; and 

a measuring amplifier or an evaluation circuit connected to the pressure 
sensor or flow sensor for evaluating signals from the pressure sensor or 
flow sensor, by means of which amplitudes of fluctuations of measured air 
15 pressure and preferably a difference between maximum and minimum air 

pressure are evaluated. 



Furthermore, according to the first aspect of the invention the object is 
achieved by a method for non-contacting measurement of path lengths, 
20 comprising the steps of: 

producing pressurized air having a fluctuating air pressure by means of a 
pump; 

supplying pressurized air having the fluctuating air pressure via a 
pressurized air line and a nozzle to an object to be measured; 
25 - evaluating fluctuations of the fluctuating air pressure by means of a 
pressure sensor; 

processing signals from the pressure sensor by means of an amplifier or 
evaluation circuit, taking account of pressure fluctuations; and 
reading out measurement results of the pressure fluctuations. 
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In accordance with a second aspect of the invention the object is achieved by a 
device for determining a length of at least one contact brush in a sliding contact 
track system or collector system, comprising: 

a source of pressurized gas: 
5 - means for supplying pressurized gas from the source to the at least one 

contact brush; 

at least one pneumatic sensor mechanically connected to the at least one 
brush; 

means for supplying the pneumatic sensor with pressurized gas from the 
10 source of pressurized gas; and 

an evaluation unit for evaluating signals from the pneumatic sensor 
indicating a pressure drop of the pressurized gas, the pressure drop 
representing a measure of a length of the brush. 

15 Furthermore, according to the second aspect of the invention the object is 
achieved by a method for determining the length of at least one contact brush in a 
sliding contact track system or collector system, comprising the steps of: 

feeding a gas into a pneumatic sensor which is preferably integrated into a 
brush holder for accommodating the at least one contact brush; and 
20 - measuring a volume or velocity of gas flowing through the pneumatic 
sensor, or determining a pressure drop of the gas. 



BRIEF DESCRIPTION OF THE DRAWINGS 

25 

In the following the invention will be further described with the aid of non-limiting 
examples of embodiment and with reference to the drawings in which: 

Fig. 1 is a schematic illustration of a device in accordance with a first 

30 aspect of the invention; 

Fig. 2 is a graphical illustration of fluctuating air pressure produced in a first 
pressure line of the device of Fig. 1 by a pump; 
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Fig. 3 is a graphical illustration of fluctuating air pressure produced in a 

second pressure line of the device of Fig. 1 ; 
Fig. 4 is a schematic illustration of a device in accordance with a second 

aspect of the invention; 
5 Fig. 5 is a perspective view of two tubular brush holders mounted on a 

common support plate of the device of Fig. 4; 
Fig. 6 is an end view of a tubular brush holder mounted on a support plate 

of the device of Fig. 4; and 
Fig. 7 is a view of a section through two brush holders along the vertical 

10 broken line in Fig. 6, as seen from the left-hand side. 



DETAILED DESCRIPTION OF THE INVENTION 



15 In the device according to the first aspect of the invention as shown in Fig. 1, a 
non-contacting measurement of a length or a path is performed by means of a 
pulsating air current. A pump 2, preferably driven by an electric motor connected 
to an electrical supply line 10 and operated at 24 V d.c, or by any other power 
source, takes in air through an air intake 11 and generates a pulsating air 

20 pressure. Of course, any other suitable gas such as nitrogen or an insulating inert 
gas may be used. Pumps for producing the air pressure changes may be piston 
pumps, diaphragm pumps particularly having a piezo diaphragm, or other pumps 
of known type. It is essential to the invention that the pump produce a defined 
fluctuating preferably an oscillating air pressure at its outlet to a pressurized air 

25 line 3. Fig. 2 shows fluctuations of pressure between values P1 and P2 at a pump 
outlet in the line 3. Optionally, the pressure value may fluctuate in a positive 
direction, for example from +100 mbar to +200 mbar, or in a positive and negative 
direction, for example from -100 mbar to +100 mbar. The absolute value of the air 
pressure, whether in a range of only a few mbar or in a range of a few bar, is 

30 determined by the design of the pneumatic system. Air of fluctuating pressure is 
supplied through a pressurized air line 3a to the object to be measured which in 
this case is shown as a sliding contact brush or carbon rod 1 in a tubular holder. 
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Preferably a measuring nozzle 4 is mounted in the close vicinity of the object. In 
the case of a positive air pressure value, the air flows in the direction of the object 
to be measured, and in the case of a negative air pressure value, the air flows in 
the reverse direction. The air flow will meet with a certain resistance, depending 

5 upon the position of the nozzle 4 with respect to the object being measured. This 
results in flow velocities or corresponding pressure drops in the pressurized air 
line 3a, which are a function of a path length which in the case shown is the 
distance S between the end of the brush or carbon rod 1 and the closed inside 
end of the tubular holder. Thus the volume V of air flowing through the end of the 

10 pressurized air line 3a in a time t satisfies the relationship 

V/t = f (S). 

The dynamic pressure at the nozzle 4 will also be a function of the distance S. 

The flow velocities or pressure drops can be determined, for example with a 
15 velocity sensor or pressure sensor. A simple arrangement of the pneumatic 
system involves the use of a T junction 8 for connecting a first pressure sensor 5 
via a pressurized air line 9 to the pressurized air lines 3 and 3a. An electrical 
signal 12 given by the pressure sensor 5 can be amplified by means of a suitable 
amplifier 6 or evaluation circuit 7 and evaluated. Preferably only the difference 
20 between minimum air pressure PV and maximum air pressure P2\ as shown in 
Fig. 3, or the difference between minimum and maximum flow velocities, is 
evaluated using the relationship 

(P2'-P1') = f(S). 

25 For this, an a.c. or d.c. coupled amplifier 6, or an a.c. coupled evaluation circuit 7 
can be used. This has the advantage that small fluctuations of pressure or flow 
velocity which may be caused by pressure changes of ambient air do not affect 
the results of the measurements. 

30 In order to make possible a particularly exact measurement, at least one further, 
or second pressure or flow sensor is provided in the line 3 at a position A which is 
closer to the pump 2 than is the tapping position, i.e. the T junction 8. The 



pressure drop in the line 3 can be measured by evaluating the difference between 
the signals supplied by the first sensor 5 and the second sensor. Thus it is 
possible to measure the ratio of the pressure drop in the line 3 to the pressure 
drop at the nozzle 4, and to perform measurements which are not affected by 
5 changes of the pump. A second nozzle which is connected to the second sensor 
may be used in place of the T junction 8. 

In another embodiment of the invention, a control circuit is provided which uses 
the signal of the second sensor disposed closer to the pump 2 than the first 
10 sensor 5 to generate a suitable correction signal for operation of the pump 2, so 
that the pump 2 produces pressure fluctuations of constant pressure difference. 

Another advantageous embodiment of the invention provides a measurement by 
determination of the power consumption of the pump 2. The pump 2 is designed 
15 to have a piezo diaphragm movable by electrical signals, and the diaphragm is 
preferably incorporated in a brush holder for carbon brushes, so that the power 
consumption of the piezo diaphragm is a measure of the flow resistance caused 
at the nozzle 4 by the length of a carbon brush, and can therefore directly be used 
for the purpose of evaluation. 

20 

In order to generate a position-dependent measurement signal, as shown in Fig. 
1, the carbon rod is preferably beveled towards its rear end, so that with 
increasing consumption of the rod the average distance between the rod and the 
wall of the tubular holder becomes larger resulting in a higher air flow or pressure 

25 drop with increasing brush wear. Alternatively, the nozzle 4 may be disposed 
along the longitudinal direction of the holder instead of being at the side. It would 
also be possible to code the length of the object or carbon brush to be measured 
by means of different surface structures. For example, the surface roughness of 
the carbon brush may be increased towards the end of the brush. The change of 

30 surface resistance with change of surface roughness towards the end can be 
used for detecting the change of length. For example, a device according to the 
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invention may be employed for determining the lateral or axial trueness of running 
of sliding contact tracks. 

Any other device for generating pressure fluctuations, such as a pressure vessel 
5 or reservoir with valves positioned on a downstream side, may be used instead of 
a pump. 

By evaluating the alternating air-pressure signal various conclusions may be 
drawn. These concern, for example, the distance between the nozzle and the 
10 object to be measured, and also the remaining length of a contact brush in 
dependence upon its geometry. In the same way, general conclusions may be 
drawn concerning the surface structure. 

A device according to a second aspect of the invention comprises at least one 

15 pneumatic sensor which is mechanically connected to a brush to be monitored. 
Pneumatic sensors are preferably supplied with gas from a pressure source which 
is under a pressure that is increased with respect to ambient pressure. Pressure 
sources of this kind may be, for example, pressurizing pumps or even pressurized 
vessels. Preferably air is used as the gas. In the same manner, of course, 

20 nitrogen or any other preferably inert gas may be used. According to the position 
of the sensor, a pressure drop is observed which represents a measure of the 
length of the brush. The value of this pressure drop may be passed to a 
pneumatic control system, for example. This pneumatic control system may in 
turn cause a following movement of a worn brush. Alternatively, the pressure 

25 value may be converted to electrical or other mechanical values. When a 
pneumatic sensor is used, only a gas contacts the brush or is introduced into the 
vicinity of the brush. Thus a galvanic isolation is automatically attained. In 
addition, a self-cleaning of the system may be achieved by means of the gas. 
Because the entire system is under excess pressure, no abraded material from 

30 the brush or a sliding contact track can penetrate into the sensor system. Thus a 
long lifetime and a high reliability are achieved. 
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The pressure signal of the sensor may be conducted to evaluating units located at 
a distance from the place of measurement using simplest means, i.e. simple 
flexible tubing or pipes. 

5 In another advantageous embodiment of the invention, at least one pneumatic 
sensor is connected to the brush to be measured via levers and rod linkages. For 
this, the pneumatic sensor itself may be optimized to provide high linearity of 
detected pressure drop as a function of the length being measured. A sensor 
which is optimized for a particular application is then coupled to the object to be 
10 measured, i.e. the brush, by mechanical means. 

In another advantageous embodiment of the invention at least one sensor is 
incorporated in a brush holder accommodating the brush. This functional 
incorporation allows the achievement of a particularly compact and inexpensive 
15 solution. Furthermore, cleaning of the brush holder may be achieved because a 
gas flows through the holder. With this design of a brush holder incorporating a 
pneumatic sensor, the gas is preferably blown directly into the interior of the 
holder. 

20 In another advantageous embodiment of the invention at least one brush holder is 
provided with at least one flow channel extending parallel to the brush. For 
example, the flow channel may be covered by the brush, so that the gas can 
escape through the flow channel alongside the brush. With a brush of greater 
length a longer area is covered. Thus the flow channel also has a greater length. 

25 The flow resistance is also correspondingly larger. This leads to a smaller 
pressure loss. Of course, instead of one flow channel, a plurality of smaller flow 
channels may be connected in parallel. Optionally the cross-section of a flow 
channel may be constant, or may vary in dependence upon its location. By this 
means the characteristic of the sensor may be optimized. 

30 

For the detection of a particular length of a brush a lateral bore may be provided 
in a brush holder. A new carbon brush or rod will cover this bore, allowing no gas 



to escape through the bore. Progressive consumption of the carbon will reduce its 
length, so that at a particular length or less it will no longer be able to cover the 
bore through which gas can then escape. Thus, a brush holder containing a worn- 
down carbon brush will give rise to a substantially lower flow resistance and 
5 therewith a higher pressure drop than a brush holder containing an unworn brush. 

It is advantageous to make use optionally of at least one pressure sensor or at 
least one flow sensor for a conversion of the signals from pneumatic sensors. 
Pressure sensors are particularly simple and economic, and therefore to be 
10 preferred in the majority of applications. The disadvantage of a pressure 
measurement is that flow resistances in other parts of the system can falsify a 
pressure measurement. A flow measurement (volume or velocity) yields more 
precise results, but requires more outlay when put into practice. 

15 Furthermore, a manifold is optionally provided for distributing the gas from the 
pressure source to a plurality of pneumatic sensors. If the manifold is a simple 
tubular system having a plurality of connectors, then all pneumatic sensors 
connected thereto are disposed in parallel. With this, the pressure in the manifold 
can be determined advantageously by means of a simple pressure measurement, 

20 and thus a measure obtained of the total gas escaping along all pneumatic 
sensors. 

According to a further advantageous development the manifold is provided with a 
switch function. Thus, the single pneumatic sensors are not simply disposed in 
25 parallel. Rather than this, a selection can be made of the pneumatic sensor to be 
connected to the pressure source. In this way a selective determination of the 
wear of single brushes or single groups of brushes becomes possible. 

Another development of the invention provides a clocked pressure source. The 
30 service life of normal brushes is of the magnitude of a few 1000 up to 100,000 
operating hours. Therefore it is sufficient to perform measurements at large 
intervals of time. For example, when applied to computer tomographs the 
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measurements could be performed once a day when the instrument is switched 
on. For this, in the case of a pressure pump it is of advantage to provide a control 
unit which is controlled, for example, by a measurement system or a simple clock 
and briefly supplies current to the pump for performance of the measurement at 
5 desired times. In the case of a pressure reservoir, a supply of pressure may be 
controlled by means of a valve. With this, using small pressure reservoirs or 
capsules, a period of measurement corresponding to the service life of the 
brushes may be achieved. The pressure reservoirs may then be replaced together 
with the brushes. 

10 

Another development of the invention provides that the pressure source be 
designed for emitting pressure pulses. Thus, a dynamic measurement may be 
performed instead of a static pressure or flow measurement. 

15 In another development of the invention the entire pneumatic system may be 
purged under increased pressure for the purpose of cleaning the brush holders. 
With this increased pressure, any contamination such as carbon powder that may 
have entered the system can be removed. This at the same time makes it 
possible to remove contamination from a sliding contact track located below the 

20 brushes concerned. 

In addition to enabling a determination of the carbon consumption, a dynamic 
measurement can also allow conclusions to be drawn concerning true running 
tolerances of slip rings. In an ideal case the brushes continuously contact a sliding 
25 contact track. By measurements of the brush height during revolutions, or at least 
at several positions along the circumference, the track level or fluctuations of the 
track level may be determined. 

Measurements of brush height can also lead to a simple indication of the exact 
30 adjustment or alignment of brush blocks having a plurality of brushes. For 
example, with a large block, a brush having length measurement facilities can be 
provided at each end. During assembly or adjustment of the brush block the 
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measurement values or limiting values may be indicated. With this, the brush 
block may be adjusted to be exactly parallel to the track. Thus, uniform contact 
pressure forces and a longer service life result. 

Furthermore, a resetting of single brushes or a whole brush block having a 
5 plurality of brushes can be performed in accordance with the measurements of 
brush consumption. Thus an excursion of a spring urging a brush into contact with 
a sliding contact track, and consequently also the contact pressure of individual 
brushes, can always be maintained constant. A readjustment can be made, for 
example, by sliding two wedge-shaped blocks of material carrying a brush holder 
10 support plate towards or away from each other, or with a brush block adjustably 
suspended at two places from two parallel beams. A drive for the readjustment 
can be made advantageously by using a screw spindle. No high readjustment 
speeds are required, but it is of advantage to maintain the position without 
supplying power to a drive motor. 

15 

Furthermore, an evaluation of the sensor signals can be performed by means of 
an evaluation unit. As a result of this evaluation, for example, the remaining 
service life or movement path of sliding contact tracks, or also the number of 
revolutions in the case of slip rings may be outputted. 

20 

Fig. 4 shows in schematic form a device according to the second aspect of the 
invention. A pressure source which may be designed, for example, as a pressure 
pump 13 supplies pressurized gas through a pressure line 14 to a manifold 15. 
From the manifold 15 the gas is further distributed through at least one further 

25 pressure line 21 to at least one brush holder 22. In an advantageous manner 
further connectors 20 are available for a connection of further brush holders. 
Furthermore, a pressure sensor 17 is provided, which is connected to the 
pneumatic system by means of instrument leads 16. For this, the connection can 
be made optionally to the pump, the manifold, one or more brush holders, or 

30 desired other points of the system. An output signal from the pressure sensor 17 
is transmitted through a signal line 18 to an evaluation unit 19. In this example the 
brush holders 22 are designed to be pneumatic sensors. The flow resistance of 
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the pneumatic sensors decreases according to the brush length, so that with 
increasing brush consumption the pressure in the pneumatic system drops. This 
can now be evaluated via the pressure sensor. 

5 Fig. 5 shows a perspective view of two tubular brush holders 22 and 22' mounted 
on a support plate 23. These brush holders are at the same time designed to be 
pneumatic sensors. 

Fig. 6 shows an end view of the tubular brush holder 22\ The description given 
10 here of the holder 22' applies correspondingly to the holder 22. A brush 25' 
projects from the lower end of the brush holder 22\ A brush of this kind is 
advantageously press-fabricated from a mixture comprising graphite and other 
components. Optionally it may be of round or angular cross-section. A feed of 
pressurized gas is made preferably via a connector nozzle 28\ A bore 24' is 
15 provided as a gas exit. This bore 24' is normally covered or blocked by a brush 
25\ so that only little gas can escape. If the brush 25' has been much worn-down, 
it will be too short to cover the bore 24'. Then the gas which flows in through the 
connector nozzle 28' can escape through the bore 24\ This causes a large 
pressure drop in the system, which can be detected by the pressure sensor 17. In 
20 addition, a seal may be provided at the upper end of the brush 25\ 

Of course, the gas entry and gas exit openings may be interchanged without 
affecting the basic concept of the invention. It is also possible to operate with 
negative pressure instead of positive pressure. The position of the bore 24' will 
25 determine the length or position of the brush 25' at which an indication of wear 
occurs. Instead of the bore 25\ a plurality of bores may be provided, for example 
having different cross-sections. With these it is possible to achieve a multi-stage 
indication. 

30 Fig. 7 is a view of a section through the two brush holders 22 and 22' along the 
vertical broken line in Fig. 6, as seen from the left-hand side. This section 
corresponds to a section through the brush holders 22 and 22' shown in the 
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perspective view of Fig. 5. To supplement the other Figures, a sliding contact 
track 26 along which the brushes 25 and 25' can slide is shown. Also shown is 
connection tubing 29 for supplying gas to a connector nozzle 28 of the tubular 
holder 22. The brushes 25 and 25' are each urged onto the sliding contact track 
5 26 by a spring 27. In an only slightly worn condition, as shown for the brush 25 on 
the left-hand side of Fig. 7, the bore 24 is closed or obstructed by the brush 25. 
On the right-hand side of Fig .7 a more strongly worn brush 25' is shown which is 
so short that it no longer covers the bore 24\ Thus, gas can escape through the 
bore 24\ 

10 
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